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Objective To determine the frequency of HER2 genetic 
abnormalities in renal cell carcinoma (RCC) and 
hence assess the potential suitability of Herceptin™ 
immunotherapy. 

Patients and methods Tumours from 2 7 patients 
with RCC were assessed; all patients had undergone 
nephrectomy. Benign renal tissue from the nephrec- 
tomy specimens was studied in seven patients. Gene 
amplification was assessed using fluorescent in-situ 
hybridization, and protein over-expression using / 
immunohistochemistry. 

Results Twenty-four patients had clear cell renal 
carcinoma, two had papillary renal carcinoma and 
one a sarcomatoid variant carcinoma. There was no 



HER2 amplification in the tumours or the benign 
renal tissue. Polysomy 17 was detected in 11 of 27 
tumours (41%) and increased HER2 copy number 
in seven (26%). Both polysomy 17 and increased 
HER2 copy number were absent in the benign renal 
tissue. Three tumours (11%) and six of the seven 
benign renal tissue samples over-expressed the 
HER2 protein. 
Conclusions HER2 amplification is absent and protein 
over-expression uncommon in RCC. This casts doubt 
on the suitability of Herceptin™ in the treatment 
of RCC. 

Keywords renal carcinoma, HER2, Herceptin™, FISH, 
immunohistochemistry 



Introduction 

Patients with locally advanced or metastatic RCC have 
a poor prognosis; the 5 -year survival for patients with 
stage IV disease is 10% [1], reflecting that RCC is 
largely resistant to conventional therapeutic regimens 
[2]. Immunotherapy using interleukin-2 and interferon-oc 
combined has shown response rates of up to 18.6% in 
patients with metastatic disease, but is associated with 
significant side-effects [3], Negrier et al [3] reported 
grade 3 and 4 adverse events like hypotension (resistant 
to vasopressor agents) and fever in 45% and 35% of 
patients, respectively. A better understanding of the 
molecular genetics of RCC may help in the develop- 
ment of new therapeutic agents. Aneusomy of chromo- 
some 17 has been reported in papillary RCC [4,5]. The 
HER2/c-erbB2 gene is located on chromosome 17 and 
encodes a transmembrane type I tyrosine kinase growth 
factor receptor with 50% homology with the EGFR 
[6-8]. Over-expression of HER2 has been reported in 
breast [9-11], ovarian [9], lung [12] and salivary gland 
tumours [13], and is associated with a poorer prognosis. 
In a recent review examining the results of 47 studies 
involving >22 600 patients with breast cancer, HER2- 
positive status was an independent predictor of poor 
prognosis in multivariate analysis [14]. Herceptin™ 
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(rhu-mAb-HER2, Trastuzumab, Genentech Inc., San 
Francisico, CA) is the humanized equivalent of the 
murine 4D5 mAb and is targeted against the HER2 
cell-surface receptor. Phase II and phase III clinical 
trials in patients with breast cancer over-expressing the 
HER2 oncogene showed response rates of 11-15% 
[15,16]. A recent study showed that 40% of RCCs 
over-express the HER2 protein and 17% show gene 
amplification [17,18]. However, other studies have not 
confirmed these findings, suggesting that the HER2 
expression and amplification rates are lower [19-21]. 
These differences may be partly explained by the differ- 
ent laboratory techniques used in the various studies. 
Determination of protein over-expression by immuno- 
histochemistry (IHC) is highly dependent on the anti- 
body selected and the methods used. Fluorescent 
in-situ hybridization (FISH) is the approved diagnostic 
method for determining gene amplification, allowing 
in-situ analysis of gene copy number. The Glasgow 
Royal Infirmary is one of three UK centres evaluating 
HER2 status in breast cancer diagnosis [22]. In the 
present study we evaluated the HER2 status of 27 RCCs 
and seven benign renal tissues using FISH and IHC. 

Patients and methods 

Tumours from patients with a pathological diagnosis 
of RCC and attending the Gartnavel General Hospital 
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between 1997 and 1999 were included in the study. 
All patients underwent nephrectomy and tumours were 
assigned TNM [23] and Robson stages [24] and grades 
[25]. Benign (normal) renal tissue was identified from the 
RCC nephrectomy specimens. IHC was performed using 
the CB11 mouse mAb and the Nexus II automated 
staining system (both from Ventana, UK). Formalin-fixed 
paraffin-embedded 5 urn sections and positive/negative 
controls were used in each run. Antigens were retrieved 
in a pressure cooker for 12 min (1 L distilled water and 
1.8mmol of EDTA at pH 8 in an 850-W microwave 
oven), followed by a 20-min cooling period. Endog- 
enous biotin was blocked by applying avidin for 15 min 
and then biotin for 15 min (SP-2001, Vector Labora- 
tories, Burlinghame, USA). The slides were transferred to 
the Nexus II and the basic diaminobenzidine detection 
kit (Ventana) applied; 100 uL of CB11 was added 
manually to each slide as appropriate and incubated in 
the Nexus II for 32 min. The result was scored by 
two independent observers. Routine sections stained 
with haematoxylin and eosin were examined to identify 
areas of tumour or benign renal tissue, and correspond-, 
ing areas marked on the IHC sections. IHC was scored 
according to both the intensity and number of cells 
stained. No staining or membrane staining in < 10% of 
cells was scored as 0; weak staining of the membrane in 
> 10% of cells was scored as 1+ moderate membrane 
staining in > 10% of cells was scored as 2 -f , and strong 
membrane staining in > 10% of cells as 3 + . Cytoplasmic 
stained was excluded. A score of 2 + or 3 + was regarded 
as 'positive' and a score of 0 or 1 -h as 'negative' [26]. 

FISH was performed as previously described [27,28]; 
briefly, slides were pretreated with 0.2 mol/L HC1, 8% 
sodium thiosulphate at 80°C and 0.5% pepsin at 
37°C. Sections were post-fixed in 10% neutral buffered 
formalin. The extent of digestion was estimated by 
applying 0.5 ug/mL 4,6-diamidoino-2 phenylindole-2 
hydrochloride in Vectashield (Vectoriabs, Peterborough, 
UK) antifade mounting medium. Sections were viewed 
at x400 using a microscope. The target DNA was 
denatured with 100 uL of 70% formamide in 2 x saline/ 
citrate buffer, 10 uL of the probe applied and the slides 
incubated overnight in an Omnislide at 37°C (Hybaid, 
UK). Chromosome 17 and HER-2 copy number was 
evaluated using a direct dual-labelled technique, with 
the Pathvysion™ HER-2 DNA probe kit (Vysis, UK). 
This incorporated a Spectrum Green-labelled a-satellite 
probe for chromosome 17 and a Spectrum Orange- 
labelled HER2 probe. Again, serial sections stained with 
haematoxylin and eosin were first examined micro- 
scopically to locate tumour areas and benign renal tissue. 
FISH-stained sections were then scanned at x400 to 
locate these regions. Three areas were identified and 20 
nuclei assessed per area by two independent observers 



with x40 or x 100 objectives. Signals per nucleus 
for chromosome 17 (green) and HER2 (orange) were 
counted and the results recorded manually; in all, 
60 nuclei were assessed. Gene amplification was defined 
as a HER2/chromosome 1 7 ratio of > 2. Based on values 
from controls tissues in our laboratory, the normal 
values for chromosome 17 were 1.35-1.85 (1.61+3 so) 
and for HER2 were 1.51-1.99 (1.75 + 3 sd). Values 
of > 3 so over the mean were defined as polysomic 
(for chromosome 1 7) or showing increased HER2 copy 
number. 

Results 

Twenty-seven tumours were assessed from 19 men 
and eight women; 24 tumours were of the clear cell type, 
two were papillary and one was of a spindle^cell variant. 
The clinical details of the 27 patients are summarized 
in Table 1, based on the TNM classification and more 
generally by the Robson classification (Table 2). 



Table 1 Summary of the clinical details, FISH and IHC results of 
the 27 patients with RCC 



Copy number 



Case/Sex 


Grade 


TNM 


Chrom 17 


HER2 


IHC 


1/M 


2 


T3N0M0 


1.51 


1:68 


0 


2/f 


2 


T2N0M0 


1.78 


1.71 


0 


3/M* 


4 


. T3N2M0 


1.59 


1.55 


0 


4/M 


2 


T1N0M0 


1.85 


1.69 


0 


5/M* 


3 


T3N0M0 


2.66 


2.88 


0 


6/F 


3 


T1NOM0 


1.73 


1.69 


0 


7/F 


3 


T2N0M0 


2.5 


2.88 


0 


8/F 


4 


T1N0M0 


1.2 


1.21 


0 


9/F 


3 


T3N0M0 


1.73 


1.74 


2 


10/M 


2 


T3N0M0 


1.87 


1.79 


0 


11/M 


2 


T2N0M0 


1.19 


1.18 


0 


12/M 


3 


T1NOM0 


2.8 


3.02 


0 


13/F 


1 


T3N0M0 


1.71 


1.63 


0 


14/M 


3 


T3NXM0 


2.41 


2.48 


0 


15/M 


3 


T3N1M0 


1.9 


1.78 


0 


16/M 


3 


T1N0M0 


1.75 


1.78 


0 


17/M 


3 


T2NXM0 


1.58 


1.69 


0 


18/M| 


4 


T4N0M0 


2.03 


1.65 


0 


19/M 


3 


T2N0M0 


1.7 


1.65 


0 


20/M 


4 


T3N0M0 


2.16 


2.2 


0 


2 1/M 


2 


T2N0M0 


2.53 


2.92 


2 


22/M 


3 


T1N0M0 


1.74 


1.87 


2 


2 3/M 


2 


T1NXM0 


1.73 


1.84 


0 


24/M 


2 


T3N0M0 


2.32 


2.37 


0 


2 5/M 


3 


T3N0M0 


1.88 


1.85 


0 


2 6/F 


3 


T2NXM0 


1.83 


1.71 


1 


2 7/F 


3 


T2NXM0 


1.75 


1.78 


0 



•Represents the two papillary tumours and fthe spindle cell 
carcinoma. 
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Table 2 The distribution of stage and tumour type in the tumours 
in the study, and the distribution of the RCCs with polysomy 1 7 
and increased HER-2 copy number; both these genetic events were 
more frequent in more advanced stages 



Tumour type 


Stage 




















or result 


I 


11 


m 


IV 


N 


Clear cell 


6 


6 


7 


5 


24 


Papillary 


0 


0 


1 


1 


2 


Spindle cell variant 


0 


0 


0 


1 


1 


Total 


6 


6 


8 


7 


27 


Result: 












Polysomy 17 


0 


3 


4 


4 




Increased HER2 


0 


2 


2 


3 




copy number 












IHC(2+ or 3 + ) 


2 


1 


0 


0 . 





All FISH hybridizations were successful; there was no 
gene amplification in any of the tumours or the benign 
renal tissue. The median (range) HER2 /chromosome 17 
number was 0.99 (0.8-1.17) for the tumours and 
0.99 (0.93-1.15) for benign tissue. The median 
chromosome 17 copy number for the tumours was 
1.78 (1.19-2.8) and 11 (41%) were polysomic for 
chromosome 17. The median chromosome 17 copy 
number for benign renal tissue was 1.59 (1.5-1.79) 
and hence none was polysomic for chromosome 17. 
The median HER2 copy number for the rumours was 
1.76 (1.18-3.02) and hence seven (26%) had increased 
HER2 copy number (all seven were also polysomic for 
chromosome 17). The median HER2 copy number for 
benign renal tissue was 1.68 (1.4-1.8) and hence none 
had increased HER2 copy number. 

All the IHC was completed successfully; three tumours 
(11%) over-expressed the HER2 protein (2 + ); all other 
tumours were negative. Six of the seven benign renal 
tissues over-expressed the HER2 protein (3 + ); all these 
positive samples had a particular distribution of positively 
staining cells, confined to the distal nephron (Fig. la t b). 

Discussion 

Patients with metastatic RCC have a 5-year survival 
of only 10% and RCC is resistant to conventional 
chemotherapeutic agents [1,2]. The study of the 
molecular genetics of RCC may help to develop new 
therapeutic agents. Alterations of genes that function 
as regulators of cell growth and differentiation are 
considered to be crucial in the progression of human 
cancers [29]. Numerous genetic aberrations have been 
documented in RCC and many are associated with a 
poor clinical outcome [30]. For example, the EGFR (on 
chromosome 7) is over-expressed in 80% and there is 




Fig.'l. Positively staining: a, RCC tissue, scored as a '2 + ' and 
b, benign renal tissue; note the particular distribution of 
positively staining cells confined to the distal nephron in the 
latter. Both xl60. 



polysomy of chromosome 7 in 75% of RCCs, predicting a 
poor prognosis [31,32]. Polysomy 7 is linked to poly- 
somy 17 in RCC [4,5] and the HER2 oncogene is on 
chromosome 17. Over-expression/gene amplification of 
HER2 has been reported for many human tumours 
and represents a poor prognostic factor in several 
[9,11-13]. HER 2 gene amplification and protein over- 
expression are thought to be important in oncogenic 
transformation, tumorigenesis and metastasis [33]. For 
example, in breast cancer, patients whose tumours have 
gene amplification/protein over-expression (15-30% of 
all patients) have a poorer prognosis. These patients 
respond to clinical treatment with the mAb Herceptin, 
which is targeted against the HER2 ceil surface receptor 
[15,16]. Herceptin has cytostatic growth inhibitory 
effects against breast cancer cells, and induces antibody- 
dependent cellular cytotoxicity against human tumour 
cell lines, contributing to its antitumour activity [33]. 

There is a wide variation in the reported results for 
HER2 assessment in RCC, partly because of the differing 
laboratory techniques applied in the various studies. 
Rotter et al. [18] used slot-blot analysis and found no 
gene amplification in any of 24 tumours. Similarly 
Weidner et al. [19] (six tumours), Freeman et al. [20] 
(13 tumours) and Stuum et al [21] (34 tumours) showed 
no gene amplification by Southern blot analysis in RCCs. 
Classical techniques for detecting gene amplification, 
like Southern blotting, need a large quantity of DNA and 
all have the problem of varying tumour content within 
a given specimen, which renders the results unreliable 
if the percentage of tumours cells is low in a sample 
[10]. More recently Zhang et al [17] (70 tumours) 
used differential PCR and reported that 17% of 
tumours showed gene amplification for HER2 in addition 
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to a significant association with tumour stage. The 
conclusion was that HER2 abnormalities may be 
involved in the pathogenesis of RCC. Differential PGR 
must be rigorously controlled if it is to be used success- 
fully to quantify mRNA or gene copy number [34]. 
Furthermore, the use of tissue homogenates, as used for 
southern analyses (see above), may further compromise 
the sensitivity of this technique. FISH is the preferred 
technique for visualizing HER2 in breast cancer diag- 
nostics, because it assesses DNA in individual cells using 
a specific fluorescently labelled probe. Hence there is no 
need to microdissect tumour cells or to isolate nucleic 
acids before labelling, as with Southern blotting, and 
indeed FISH has been shown to be superior to other 
techniques in detecting HER 2 amplification on formalin- 
fixed, paraffin-embedded material [10]. Comparing the 
results of studies estimating protein over-expression 
of HER2 is difficult because all have used different 
antibodies and scoring criteria. However, Stuum et al 
[21] and Zhang et al [17] reported that 64% and 40% of 
RCCs over-expressed the HER 2 protein using IHC, and 
that HER2 was important in the progression of RCC. In 
contrast, Rotter et al, [18] reported that HER2 protein 
over-expression was uncommon in RCC and that HER2 
was not important in the progression of RCC. Consistent 
with this conclusion, others [19,20] reported that mRNA 
levels were lower in RCCs than in normal tissue. Hence 
the exact role of HER2 in the pathogenesis of RCC 
remains unclear. 

In the present study of 27 RCCs and, seven benign 
renal tissues examined for HER2 abnormalities using 
FISH and IHC, there was no gene amplification in any of 
the tissues. However, polysomy 17 occurred in 41% and 
increased HER2 copy number in 26% of the tumours. 
Furthermore, polysomy 17 and increased HER2 copy 
number were more frequent in stage III and stage IV 
cancers (Table 2). Both polysomy 17 and increased 
HER2 copy number were absent in the benign renal 
tissue. 

Protein was over-expressed in 11% of the tumours at 

2 + and in six of seven of the benign renal tissues at 

3 + . Hence protein was strongly over-expressed (3 + ) 
only in the benign renal tissue, confined to the distal 
parts of the nephron. There was no staining in the 
proximal tubules, which are the cells thought to give rise 
to RCC. This is consistent with results reported previ- 
ously [19,20,35], suggesting that under-expression of 
HER2 mRNA is characteristic of RCCs. Consistent with 
this, Rotter et al. [18] suggested that reduced HER2 
protein and gene expression were inversely related to 
tumour differentiation , with less well differentiated 
tumour cells having lower HER2 expression. Current 
evidence suggests that in breast cancer only patients 
with tumours that are 3+ on IHC or 2 + with gene 



amplification, as shown by FISH, respond to Herceptin 
immunotherapy [36], implying that the advanced 
RCCs in the current study may be unresponsive to 
Herceptin. 

The present results suggest that gene amplification 
and strong protein over-expression of HER2 is absent 
in RCC. This casts doubt on the suitability of Herceptin 
immunotherapy in the management of RCC. 
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